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Introduction {#sec1-1}
============

Stroke is the primary leading cause of death in China with an increasing morbidity rate of 8.7% per year since 1986 (Wang et al., 2017), which results in profound physiological and emotional burdens on survivors, and enormous social consequences. It has been reported that some neurosurgical, vascular and cardiovascular procedures present a high risk for transient focal cerebral ischemia (Arrowsmith et al., 2000; Wilson et al., 2005). Sevoflurane (2--4%), a commonly used inhalational anesthetic, is routinely used for moderate to deep sedation during surgeries. Recent studies showed that 1.2--4% sevoflurane could effectively prevent the brain against cerebral ischemia and reperfusion (I/R) in rodents *in vivo* and *in vitro* (Yu et al., 2010; Chen et al., 2015; Zhang et al., 2015). However, the protective mechanism remains unclear. Our previous studies found that repeated sevoflurane preconditioning reduced blood-brain barrier leakage (Yu et al., 2011). It also suppressed the expression of nuclear factor-kappa B and downstream inflammatory cytokines in rats after transient middle cerebral artery occlusion (tMCAO) (Wang et al., 2011), indicating an anti-inflammatory role for sevoflurane in preconditioning against brain ischemia.

Astrocytes, an essential component of blood-brain barriers, present paradoxical profiles at early and late stages after stroke (Maki et al., 2013; Han et al., 2018). Reactive astrocytes aggravate the inflammatory response by releasing pro-inflammatory cytokines and apoptotic messengers to healthy regions in the acute phases (Anderson et al., 2003; Sofroniew and Vinters, 2010; Ologunde and Ma, 2011). On the other hand, astrocytes limit the spreading of ischemic lesions by building glial scars and release neurotrophins for brain recovery (Liu and Chopp, 2016). Based on our previous results, we put forward the hypothesis that astrocytes might contribute to the sevoflurane-induced neuroprotection. The astrocytic dynamic changes by sevoflurane preconditioning might provide information for potential therapeutic strategies in human stroke. In the current study, we used immunostaining to investigate the effects of sevoflurane preconditioning on astrocytic temporospatial dynamics and the formation of neural networks for 28 days after brain I/R injury.

Materials and Methods {#sec1-2}
=====================

Animals {#sec2-1}
-------

Adult male Sprague-Dawley rats weighing 280--320 g were purchased from the SLAC Laboratory Animal Co., Ltd. (Shanghai, China). The rats were randomly divided into three groups: the sham (*n* = 25), ischemia (ischemic exposure only, *n* = 56) and sevoflurane (Sevo) groups (Sevo-preconditioned + ischemic exposure, *n* = 54). A total of 135 rats were used in the current study. All procedures were approved by the Animal Ethics Committee of Fudan University, China (2017 Huashan Hospital JS-003) on January 4, 2017 and performed in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH Publication No. 85-23, revised 1996), and approved by the Animal Ethics Committee of Fudan University, China (2017 Huashan Hospital JS-003) on January 4, 2017.

tMCAO and treatment {#sec2-2}
-------------------

Right tMCAO was carried out to mimic focal cerebral I/R injury as described previously (Wang et al., 2005; Li et al., 2017). Briefly, the rats were intraperitoneally anesthetized with 40 mg/kg ketamine (Libang Pharmaceutical Co., Ltd., Xi'an, China) and allowed to breathe spontaneously. After the right common carotid artery was ligated proximally, a monofilament (Sunbio Biotech Co., Ltd., Beijing, China) with a diameter of 0.38 ± 0.02 mm was inserted through an arteriectomy in the right common carotid artery, just below the carotid bifurcation, and advanced gently along the internal carotid artery up to the origin of the right middle cerebral artery. After 90-minute brain ischemia, the monofilament was withdrawn to allow reperfusion of the right middle cerebral artery territory. Throughout the surgery, the body temperature was maintained at 37 ± 0.2°C with a heating pad. After recovery from anesthesia, the rats were placed back into their cages with free access to food and water.

In the Sevo group, rats were exposed to 1.2% sevoflurane (Baxter, Baxter Health Ltd., Norfolk, UK) + 98% O~2~ in an anesthetic chamber (Baxter Health Ltd.) for 60 minutes once per day for 4 consecutive days as described previously (Yu et al., 2011; Li et al., 2017). The rats in the ischemia group were exposed to 98% O~2~ instead. After 24 hours of 4-day treatment, the rats of the ischemia and Sevo groups were subjected to tMCAO. The rats of the sham group were neither exposed to sevoflurane nor had ischemia induced. In accordance with our previous study, the successful rate of tMCAO modelling was 0.86 (Li et al., 2017). Successful modelling after 90 minutes of cerebral ischemia was identified by the rats' motor deficits, including the flexor positions of the left front limbs and continuous circling due to locomotive disturbance. The rats with a hemorrhage or without an infarct were excluded by tissue autopsy (Engel et al., 2011; Yu et al., 2011).

Neurological evaluation {#sec2-3}
-----------------------

Garcia behavioral scores (Garcia et al., 1995) were used to assess the rats' neurological deficits on parameters including spontaneous activity, symmetry in the movement of four limbs, forepaw outstretching, climbing, body proprioception, and vibrissae touch. The rats were evaluated at 1, 2, and 3 days after surgery by an observer who was blinded to the group assignment. At each time point, two rats were neurologically evaluated from the sham group; eight rats were used from each of the Sevo and ischemia groups. The ARRIVE guidelines were complied with and the rats were evaluated with Garcia scores and then sacrificed by decapitation.

TTC staining {#sec2-4}
------------

On day 1 and day 3 after surgery, rats were intraperitoneally anesthetized with 40 mg/kg ketamine and decapitated. Brains were removed quickly and 2-mm coronal sections from rostral to bregma were stained with 1% TTC (Sigma-Aldrich, St. Louis, MO, USA) for 5 minutes at room temperature. The brain sections stained with TTC were post-fixed in 4% paraformaldehyde overnight. TTC stained and fixed brain sections were photographed with an iPhone5 (Apple Inc., Cupertino, CA, USA) and analyzed with ImageJ software (<http://imagej.net>). The ischemic lesion was traced in each slice, and total infarct volume of rat brains was measured as described previously (Swanson and Sharp, 1994): (contralateral hemisphere volume -- non-lesion ipsilateral hemisphere volume) / contralateral hemisphere volume × 100%. At each time point, we used two rats for TTC staining in the sham group, and eight rats in both the Sevo and ischemia groups.

Brain section preparation {#sec2-5}
-------------------------

Rats were deeply anesthetized with 40 mg/kg ketamine *via* intraperitoneal injection and decapitated on the allocated day of the experiment. The brain tissues were fixed with 4% paraformaldehyde, and subsequently dehydrated with 30% sucrose in 0.1 M phosphate buffered saline (PBS) for 24 hours at 4°C. Afterwards, the dehydrated tissues were embedded in Tissue-Tek optimal cutting temperature compound (Sakura Finetek Inc., Nagano, Japan) for 30 minutes at −20°C and cut into coronal sections (45 μm thickness) on a freezing microtome (Leica CM 900; Leica, Nussloch, Germany). Floating brain sections were preserved in the cryoprotectant (30% sucrose + 30% glycol in the PBS buffer) for further use.

Immunostaining {#sec2-6}
--------------

Brain sections were washed in 0.1 M PBS for 15 minutes and incubated with blocking solution (0.2% Triton X-100 and 10% donkey serum in 0.1 M PBS) for 60 minutes at room temperature. Sections were incubated with primary antibodies (**[Table 1](#T1){ref-type="table"}**) in dilute solution (0.2% Triton X-100 and 5% goat serum in 0.1 M PBS) overnight at 4°C, and then incubated with secondary antibodies (1:1000; Jackson, West Grove, PA, USA) for 2 hours at room temperature. Glial fibrillary acidic protein (GFAP) was used to label astrocytes, ionized calcium binding adaptor molecule-1 (Iba-1) for microglial cells, microtubule-associated protein 2 (MAP2) for neurons, doublecortin (DCX) for neuroblasts, NF-70 for neurofilaments and Ki67 for cell proliferation, respectively. Nuclei were counterstained by 4′,6-diamidino-2-phenylindole (DAPI). All images were scanned with Leica SP8 (Leica Microsystems Inc., Buffalo Grove, IL, USA) or Zeiss LSM 710 (Carl Zeiss MicroImaging GmbH, Jena, Germany) confocal microscopes with Z-stacks. The stitching pictures were constructed by 20 μm-thick Z-stacks (5 μm per step) with 20× oil immersion. All the image stacks were processed by ImageJ software and Adobe Photoshop CS6 (Adobe Systems Inc., San Jose, CA, USA). Nuclear morphology was used to identify the boundary of the infarct with dotted lines (Clarke, 1990). The cellular nuclei of non-infarct present as normal or pyknotic (early-stage apoptosis). The nuclei of the infarct present with karyorrhexis, which indicate that the dying cells are undergoing necrosis and late-stage apoptosis. Given that all the neural nuclei can be dyed with DAPI, the microglial cells with DAPI^+^ debris engulfment were used to assist the delineation of the infarcted edge (Li et al., 2017). At each time point, there were eight rats in each group.
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Statistical analysis {#sec2-7}
--------------------

The statistical analyses were performed with GraphPad Prism 5 (GraphPad Software, San Diego, CA, USA). All values except neurological functional data were expressed as the mean ± SEM and analyzed by an unpaired Student's *t*-test or one-way analysis of variance with Bonferroni correction. In all cases, *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

Sevoflurane preconditioning reduces cerebral infarct volume and improves neurological outcome in I/R rats {#sec2-8}
---------------------------------------------------------------------------------------------------------

TTC staining and Garcia behavior scores were utilized to investigate the neuroprotection of sevoflurane preconditioning against cerebral I/R injury in rats. Our TTC staining results showed that the infarct volumes of the Sevo group were significantly reduced on day 3 after injury compared with the ischemia group (*P* \< 0.05; **[Figure 1A](#F1){ref-type="fig"}, [B](#F1){ref-type="fig"}**). The neurological behavior scores of sevoflurane preconditioned rats were significantly higher than those in the ischemia group from day 1 to day 3 after injury (*P* \< 0.05; **[Figure 1C](#F1){ref-type="fig"}**).

![Sevoflurane preconditioning decreases infarct volumes and improves the neurological behavior of rats following cerebral ischemia and reperfusion.\
(A) Representative brain slices stained with TTC on days 1 and 3 after ischemia/reperfusion. (B) Histogram comparison of infarct volumes between the ischemia and Sevo groups on days 1 and 3 after ischemia and reperfusion. Data are expressed as the mean ± SEM (*n* = 8 for Sevo and ischemia groups at each time point; Student's *t*-test). \**P* \< 0.05. (C) Scattergram comparison of Garcia's neurobehavioral scores among the sham, ischemia and Sevo groups at 24, 48, and 72 h after injury. All scores were expressed as the median (*n* = 8 for Sevo and ischemia groups at each time point, and *n* = 2 for the sham group; one-way analysis of variance with Bonferroni correction). \**P* \< 0.05. Sevo: Sevoflurane; TTC: 2,3,5-triphenyltetrazolium chloride; d: day(s); h: hours.](NRR-14-265-g003){#F1}

Sevoflurane preconditioning accelerates astrocytic dynamics accompanied by microglia activation in I/R rats {#sec2-9}
-----------------------------------------------------------------------------------------------------------

The spatial and temporal dynamics of astrocytic cells were observed from day 1 to day 28 after ischemic injury. Our current data showed that the Iba-1^+^ microglia were dramatically activated and migrated to the infarct from day 3 after I/R in rats with sevoflurane preconditioning. However, the microglial activation was postponed until day 7 in the ischemia group (**[Figure 2A](#F2){ref-type="fig"}**). Coincidentally, migration of reactive astrocytes with typical long processes towards infarct areas occurred significantly earlier in the Sevo group (from day 3) than that in the ischemia group (not until day 7 after ischemia). On day 14, reactive astrocytes covered the whole infarcted areas and built up astrocytic networks in the Sevo group. However, many astrocytes were obstructed and confined within the thick astrocytic scars around the lesion sites in the rats without sevoflurane preconditioning (**[Figure 2A](#F2){ref-type="fig"}** and **[C](#F2){ref-type="fig"}**). Astrocytic migrating distances were calculated and compared among the two groups from day 1 to day 28 after I/R injury. The distance was defined as the length from the dotted line to the furthest protruding extension of astrocytic processes. The mean astrocytic migrating distance of the Sevo group was significantly greater than that of the ischemia group from day 3 to day 28 after injury (*P* \< 0.05; **[Figure 2B](#F2){ref-type="fig"}**).

![Sevoflurane preconditioning accelerates astrocytic dynamics accompanied with microglial activation in rats following cerebral ischemia and reperfusion.\
(A) Migration patterns of microglia and astrocytes into the infarct in the brain of rats in the Sevo and ischemia groups on days 1, 3, 7, 14 and 28. Boxed areas of the black-and-white stitching image (with scale bar: 1 mm) indicate magnified peri-ischemia regions of cortex and striatum in the right panels. Three coronal sections per rat, with three different regions of peri-infarcted cortex and striatum per section, were used to calculate astrocytic migrating distance. Scale bar: 50 μm. (B) Comparison of the astrocytic migrating distance on days 1, 3, 7, 14 and 28 after ischemia/reperfusion injury. Data are expressed as the mean ± SEM (*n* = 8; one-way analysis of variance with Bonferroni correction). \**P* \< 0.05, *vs*. ischemia group. (C) Comparison of astrocytic scars between two groups on day 14 after injury. Scale bars: 200 μm. Dotted lines indicate lesion borders in A and C. Sevo: Sevoflurane; DAPI: 4′,6-diamidino-2-phenylindole; GFAP: glial fibrillary acidic protein; d: day(s).](NRR-14-265-g004){#F2}

Sevoflurane preconditioning promotes neuroblast migration facilitated by astrocytic scaffolds {#sec2-10}
---------------------------------------------------------------------------------------------

We calculated and compared the number of neuroblasts, marked with DCX, in the ipsilateral subventricular zone (SVZ) between two groups on day 14 after I/R injury. Neuroblast proliferation was identified with Ki67, the recognized marker for cellular proliferation. The migratory neuroblasts were characterized by the typical morphology of DCX^+^ cells with long, bipolar or unipolar processes (Arvidsson et al., 2002; Taylor et al., 2016). Sevoflurane preconditioning markedly increased the DCX^+^ cells in the ipsilateral SVZ (**[Figure 3A](#F3){ref-type="fig"}**), including the total, proliferative (DCX^+^/Ki67^+^) and the migratory DCX^+^ number (2.01 ± 0.44 × 10^5^/mm^3^, 4.4 ± 0.17 × 10^4^/mm^3^, and 7.4 ± 2.5 × 10^4^/mm^3^ respectively), compared with the ischemia group (0.37 ± 0.04 × 10^5^/mm^3^, 0.73 ± 0.09 × 10^4^/mm^3^, 0.5 ± 0.06 × 10^4^/mm^3^, *P* \< 0.05, respectively) (**[Figure 3B](#F3){ref-type="fig"}**). In addition, quantities of organized astrocytic scaffolds were observed to link the SVZ towards infarct region in the Sevo group on day 14. Compared with the ischemia group, a large number of DCX^+^ cells were either embedded in astrocytic processes or in close contact with them, and the neuroblast streams had definitely formed and developed from SVZ to the infarct region in the Sevo group on day 14 (**[Figure 3C](#F3){ref-type="fig"}**).

![Sevoflurane preconditioning promotes neuroblast migration with astrocytic scaffolds in rats following cerebral ischemia and reperfusion.\
(A) Representative images showing the proliferation (Ki67^+^) of neuroblasts (DCX^+^) in the ipsilateral subventricular zone on day 14 after ischemia/reperfusion injury, which indicate that Sevo preconditioning promotes the neuroblast proliferation in subventricular zone. Scale bars: 40 μm. (B) Comparison of DCX^+^ cell number in the ipsilateral subventricular zone between the two groups on day 14. Number of DCX^+^ cells in boxed areas was calculated and expressed as the mean ± SEM (*n* = 8; one-way analysis of variance with Bonferroni correction). \**P* \< 0.05. (C) Representative images showed the astrocytic scaffolds (GFAP^+^) for neuroblasts (DCX^+^) migration in the two groups. More astrocytic scaffolds (arrowheads) were observed in the Sevo group on day 14 after injury. Boxed area showed magnified region (scale bar: 15 μm). Scale bars: 40 μm. Sevo: Sevoflurane; DAPI: 4′,6-diamidino-2-phenylindole; GFAP: glial fibrillary acidic protein; DCX: doublecortin.](NRR-14-265-g005){#F3}

Sevoflurane preconditioning promotes neural networks formation following astrocytic activation {#sec2-11}
----------------------------------------------------------------------------------------------

To investigate the formation of neural networks in the infarcted lesions, we used triple immunostaining to observe the distribution of neurons, astrocytes and microglial cells on day 7 and 14 after I/R injury. In the ischemic lesions, MAP2^+^ neurons of the Sevo group appeared with neuron axons beyond the microglial somas from day 7, which indicated the survival of newborn neurons. On day 14 it was noted that the closer to the edge of infarct lesion, the more MAP2^+^ cells were observed (**[Figure 4A](#F4){ref-type="fig"}**). In the infarcted area, the number of MAP2^+^ neurons in the Sevo group was nearly three times higher than that of the ischemia group on day 14 after injury (**[Figure 4B](#F4){ref-type="fig"}**). In addition, neuronal and glial networks, closely resembling those of the normal brain, were observed to have been rebuilt with NF-70^+^ neurofilaments, GFAP^+^ astrocytes and Iba1^+^ microglial cells in rats with sevoflurane preconditioning on day 14 after I/R injury (**[Figure 4C](#F4){ref-type="fig"}**).

![Sevoflurane preconditioning enhances neural network formation in the infarct brain region of rats after stroke.\
(A) Representative images showing the neurons (MAP2^+^), astrocytes (GFAP^+^) and microglial cells (Iba-1^+^) in the infarct region in both groups on days 7 and 14 after ischemia/reperfusion injury. More MAP2^+^ neurons were observed in the infarct areas of the Sevo group than the ischemia group. Dotted lines indicate margin of the infarct; white arrows show the newly formed neurons. (B) MAP2^+^ cell number in the infarct on day 14 after ischemia/reperfusion injury. Red dotted lines delineate the boundary of the infarct. The data are expressed as the mean ± SEM (*n* = 8; Student's *t*-test). \**P* \< 0.05. (C) Representative images show the reconstruction of neurofilaments (NF-70^+^), astrocyte (GFAP^+^), microglia (Iba-1^+^) network, separately and merged, in the infarct with Sevo preconditioning. Scale bar: 50 µm. Sevo: Sevoflurane; MAP2: microtubule-associated protein 2; GFAP: glial fibrillary acidic protein; NF: neurofilament; Iba-1: ionized calcium binding adaptor molecule-1.](NRR-14-265-g006){#F4}

Discussion {#sec1-4}
==========

There is growing evidence that astrocytes and numerous glial cells in the central nervous system are crucially involved in stroke, with beneficial or detrimental aspects at different stages (Anderson et al., 2003; Huang et al., 2018). In the acute ischemic stage astrocytes are activated immediately, enabling the synthesis and release of cytokines and chemokines, initiating inflammatory cascades that might exacerbate secondary brain damage (Zhang et al., 2017). Reactive astrocytes establish a glial scar that limits the spread of inflammatory cytokines and apoptotic messengers to healthy regions. Neurotrophins, such as brain-derived neurotrophic factor, nerve growth factor and basic fibroblast growth factor, are synthesized and released by astrocytes to enable the brain repairing processes (Martin et al., 2013). These ambivalent characteristics of astrocytes prompted our investigation into the impact of sevoflurane preconditioning on the spatial (from penumbra to ischemic core region) and temporal dynamics (from day 1 until day 28 after stroke) of reactive astrocytes. To our knowledge, few studies have focused on the astrocytic dynamics in the mechanism of neuroprotection by inhalational anesthetics. We found many reactive astrocytes (GFAP^+^) with typical long processes migrated towards the infarct lesions from day 3 after I/R injury in the Sevo group. However, few astrocytes were activated and migrated to ischemic insults until day 7 in the ischemia group. These findings were consistent with the data of a previous study (Panickar and Norenberg, 2005). The measurement and comparison of astrocytic migrating distance gives further support for sevoflurane preconditioning accelerating the astrocytic activation and migration to the infarct in the acute ischemic stage. In the present study, we did not investigate and compare the astrocytic proliferation between the two groups after stroke was induced. Li et al. (2014) demonstrated that there was an increase of proliferating reactive astrocytes in a time-dependent manner after stroke, but the proliferating reactive astrocytes only account for a small portion of the total proliferating cells.

Astrogliosis and glial scar formation are some of the prominent features of cerebral ischemic injury. The reactive astrocytes restrict inflammatory cascades and secondary brain damage by building up a glial scar around the infarct lesions after brain ischemia. The formation of a glial scar in the peri-infarct region demarcates the ischemic region from healthy tissue with dominant astrocytic morphological changes and proliferation (Sofroniew and Vinters, 2010). However, recent studies have found that peri-infarct astrogliosis, acts as a barrier, impeding the neurogenesis and reconstruction in the late recovery stage (Yuan et al., 2015; Sims and Yew, 2017). In the present study, accumulation of astrocytes formed scar-like barriers around the edge of the peri-infarct regions from day 14 after brain ischemia in the ischemia group. In contrast, astrocytic networks had been established and covered the whole infarct by the same time point in the Sevo group. The difference in microglial activation might explain this phenomenon. The present data is consistent with our previous finding that Sevoflurane preconditioning accelerated microglial activation prior to astrocytic activation after brain ischemia (Li et al., 2017). Activated microglial cells exert phagocytosis by clearing up neural debris in the infarct region. Without the obstacle of cellular debris, astrocytes in the Sevo group migrated directly towards the ischemic core and established astrocytic networks by day 14 after ischemic insults. In contrast, astrocytes without sevoflurane pretreatment were obstructed by the remains of neural debris that accumulated at the border of the ischemic lesions, inhibiting the post-injury repair progress.

Astrocytes are known to provide metabolic, trophic and structural support to neurons and vasculature by wrapping or ensheathing synapses and blood vessels (Sofroniew and Vinters, 2010). In the present study, we also identified an important role that astrocytic scaffolds play in neurogenesis and reconstruction after stroke. This is consistent with a previous study (Anderson et al., 2003). In the Sevo group, the astrocytic networks provided structural scaffolds for neuroblasts (DCX^+^) migrating from the SVZ to the ischemic core region, and established neuron-neuroglia networks from day 14 after stroke. However, few neuroblasts (DCX^+^/Ki67^+^) and newborn neurons (MAP2^+^) were observed in the ischemic regions of untreated brains. Young et al. (2013) pointed out that hypertrophic reactive astrocytes with tortuous processes disrupted the neuroblast migratory scaffold and thus impeded neural recovery after stroke. Hayakawa et al. (2010) demonstrated that inhibition of reactive astrocytes by fluorocitrate could decelerate neurovascular recovery after focal brain ischemia in mice. These previous studies are consistent with our results that sevoflurane preconditioning promotes the formation of astrocytic bridges, which facilitate neuroblasts migrating to ischemic lesions.

There are some limitations to this study. First, GFAP, a 'pan-astrocyte' marker, was utilized to label prototypic astrocytic dynamics. The expression levels of GFAP are shown to be different in fibrous astrocytes and protoplasmic astrocytes. Aldh1L1, a homogenously expressed astrocyte specific protein, might be an optimal marker to label the reactive astrocytes (Cahoy et al., 2008). Second, the spatial and temporal dynamics of astrocytic cells were observed with immunostaining in wildtype rats. Due to astrocytic heterogeneity in the central nervous system (Benesova et al., 2009), accurate and detailed investigation of astrocytic dynamics might be optimally performed with transgenic mice expressing astrocytic fluorescent marker. Third, reactive astrocytes have been indicated to exhibit stem cell-like properties (Dimou and Götz, 2014). In our previous study, we demonstrated that sevoflurane preconditioning accelerated neuroblasts to differentiate into neurons, astrocytes and oligodendrocytes after brain ischemia (Li et al., 2017). Further study will be required to identify whether sevoflurane preconditioning confers neurogenesis *via* promoting reactive astrocytes differentiating into neurons. Lastly, astrogliosis has been demonstrated to play a pivotal role in neuroinflammation contributing to Alzheimer's disease and postoperative cognitive dysfunction (Ologunde and Ma, 2011; Lyman et al., 2014). Regarding the dual function of reactive astrocytes on both neuroprotection and neurotoxicity, we should be cautiously optimistic about glial cell-based therapy, and perform further studies to clarify the astrocytic roles in neural diseases.

In summary, sevoflurane could effectively prevent brain against ischemic injury, partly by accelerating astrocytic activation and migration, facilitating the formation of astrocytic scaffolds for neuroblasts migrating to ischemic lesions, and promoting the establishment of neural network in the infarct region after I/R injury. Our results contribute to establishing the neuroprotective mechanism of sevoflurane and possible astrocyte-based therapies in ischemic stroke.
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